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1 

IMPROVED STREPTOMYCES PROMOTER 

The present invention relates to a gtreptomyces promoter. More specifically, 
the present invention is an improved promoter which is useful to liltimately increase 
expression and efficiency of a gene. 

5 A pronxiter is a DNA sequence that promotes gene transcription to produce a 

messenger RNA and is recognized by RNA polymerase, which the promoter directs to 
the correct transcriptional start site. The £. sqU promoter region, which is about 50 
bases long, includes a common sequence (Pribnow box) of about 6 bases located 
upstream (in the 5' direction) from the site at which RNA synthesis begins. Five to 

10 eight bases separate the Pribnow box from the initiation site, so that it centers aroimd 
the -10 position. Not all £. sq^ promoters have exacdy the same sequence of bases in 
this region, but a sequence similar to TATAAT is typically found. Another consensus 
sequence, TTGACA, centers around -35; this region is also cridcal for the accurate and 
rapid initiadon of transcription for most bacterial genes (see Darnell £ial-> 1986, 

15 Molecular (jell Biolof v. Scientific American Books Inc.). It has been noted that the - 
10 and -35 regions, as well as the spacing between them, are "majcu' determinants of 
promoter strength." Because of the conserved regions, the RNA polymerase appears 
to make direct contact with the two regions. Consequendy, "most mutations that affect 
promoter strength map to the strongly conserved bases in the -10 or -35 region or 

20 change die spacing between th^" (Jansen, £]; 1985, Microlnology, Meetings for 
the Ainocican Society for Microlnology. American Society for Microtnology, 
Washington, D.C., pages 392-396 [1985]). 

Mutations in the promoter may effect initiation. It has been shown that 
changes, deleti<His, or insertions in the promoter region may effect the way that RNA 

25 polymerase bii^s to the {nomotar. The ultimate result may be that more or less mRNA 
is produced. For example, Mandecld j^sl., 1982, Nucleic Acid Researclr 10:903-912. 
show that a two base pair insertion between the -10 and -35 regions lowered the 
promoter activity to 15% of the wild type; Post fit aL,1978, Qdl 15:231-236, show that 
a point mutation six bases upstream from the in vitro transcription site, wiiich changed 

30 the Pribnow box, was important in the expns^on of an operon; and Youderian £i si-, 
1982, Cell 20:843-853, show that spedfic decreases in the homology of a specific 
promoter with it C(xisensus promoter sequence resulted in either a severe or a mild 
reduction in pronooter activity (see Watson fit M- MQ)pculay Biolpg y pf Gene 4th edition 
Benjamin/Cummings Publishing Company, 1987). (Also see Botstein, 1972, Virology 

35 ^:268-282. and Siebenilist ^ al-. 3980. CsH 2Q:269-281.) 
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Since promoters are known to effect ultknate gene expression, it would 
advantageous to increase the strength of pironotea* by manipulating the promoter 
sequence. That is the focus of the present invention, which is detailed and described 
mote fully below. 

5 The present invention is a DNA sequence comprising a Streptomvces promoter, 

wherein a base is inserted into the base sequence between positions -50 and -75, to 
increase transcription initiadon. Preferably, the base insertion is made between -60 and 
-65, more preferably between positions -62 and -63. Preferably the base is guanine. 
Preferably, the DNA sequence is regulated by thiostrepton and is operable in 
10 Streptomyces . Preferably, the DNA sequent® will hybridize to the following DNA 
sequence: GCXjGCXjGCTCACXjGGCXSTGGCA. More preferably, the DNA 
sequence is shown in Figure I. This improved DNA sequence may occur in the 
chromosome or may be in an expression vector. Preferably, the invention also includes 
a method for producing a protein using the DNA sequence detailed above. 
3^5 The present inventor has made the sutprising discovery that a base insertion 

between positions -62 and -63 of the Streptomvces thiostrepton promoter C^A), 
increases promoter strength so that protein expression is increased 5-fold (while 
maintaining the regulatory aspects of the promoter). This is further surprising because 
the position of the mutation is outside the commonly recognized sequences for the 
20 promoter, i.e., near the -10 and -35 regions. 

Hgnre 1 is the DNA sequence of the tipA wild type and mutant promonnrs. 
Hgure 2 is a diagram of the construction of pHC-1 and pHC-2. 
Kgnre 3 is a circular map of pHC-2. 

A piomoier can be induced by a compound. In Streptomvces . thiostrepton is 
25 CMie such compound. Thiostrepton is a antibiotic which inhibits translation. However, 
it has been reported to induce a streptomyces promoter to ocpress several protdns 
(Mtnakamifilfll.. 1989. Journal of Bacteriologv 171f 3'i:1459-1466. which is hereby 
inccopcnated by teSaeacc in its entirety). Murakami si Sl- show that thiostrepton 
induces the expression of four proteins of unknown function in Streptomyces liyidana. 
30 Murakami SL sL note that the promoter that is induced (ticA) should be useful for 

expresaon studies in streptomycetes. Since the strqnomycetes are commonly used to 
co mm ercially produce antilnotics. the fipA ptomoto- can prove commercially usefuL 
For example, certain genes can be opcrably linked to the thiostrepton promoter to 
increase their expression. These may be naturally occurring streptomyces genes (for 
35 example, antibiotic producing genes) or heterologous genes (for example, mammalian 
genes such as interleukins, int^erons, colony stimulating factors, tumor necrosis 
^or, etc.). (See, the two articles collected in Microbiolop v. 1985, Anoerican Society 
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fcH- Microbiology, Washington. D.C., pages 409-420, which are both hereby 
incoiporated by reference in their entireties.) Preferably, the improved ligA promoter 
of the present invention is linked to a DNA sequence encoding a protein so that the 
protein may be controllably expressed. Preferably, other DNA control sequences are 
5 included that are necessary fcs* production of the protein, such as ribosome binding 
sites, etc. 

As stated above, the present invention is the discovery that inserting a guanine 
between positions -62 and -63 of thetjpA promoter increases the strength of the 
promoter while maintaining the promoter control. This is an important discovery 
IQ because this promoter may be useful to contrc^bly overcxpress various proteins made 
in streptomycetes. Currently, streptomycetes are used for phamoaceutical and antitnotic 
preparations. This invention may also be advantageous in further research into 
promoters. 

Streptomyces are gram positive organisms with a complex cycle of 
morphological development. They can be grown from a spore on a solid surface to 
give rise to a branched septate substrate mycelium and aerial mycelium (see Hopwood 
SLsi,^ Regulation of Gene £xpression-25 Years On, The 39th Symposium of the 
Society for General Microbiology, Cambridge University Press 1986, pages 251-276, 
which is hereby incorporated by reference in its entirety). However, in submerged 

20 ctilture, the cells do not sporulale. After they complete the vegetative state, they remain 
biologically active and can produce large amounts of secondary metabolites, such as 
antibiotics. To illustrate this point of the 4,973 natural antibiotics described by 1 ,978, 
2,769 were of streptomycetes origin. These antibiotics include aminoglycosides, 
macrolides, tetracyclines, polyethers, anasamycins. ^-lactams, oligopeptides, etc. 

25 Streptomycetes can also produce other extracellular products, such as hydrolyuc 

enzymes. See Oiater fit al.. 1982. iCffiieDI Topics in Microbiolopr ani imirmnology 
21^:69-95, which is hereby incorporated by reference in its entirety. Although it is 
envisioned that die improved promoter can be inserted into all streptomycetes, 
exemplary hosts include the followmg: Streptomvces IbodaDS, S- coelicolor . S- 

30 aisgus. S. parvulus. S. albus. S. vinaceus. S. acrimvcinis. S. calvuligerus . S. 

iilBQSU&> & TttbigjPQSis. & aailSUS. glaucenscens. jg. rimosus . g.. violaceotuber. 
and S. kanamvcericus. 

As stated above, an improved promoter is important because it can be linked to 
a gene of interest to increase the ultimate expression of that gene. The promoter can be 

35 operably linked to genes by means known in the art (see Maniaris si al-, 1989, 

Molecular Ooaing: 4 Laboratory MaouM. Cold Spring Harbor Press, and U.S. Serial 
No. 023,637, which are both herein incorporated by reference in their entireties). 
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Generally speaking, restriction sites may be introduced into the promoter and a specific 
gene of interest so that the two may be joined. Thereafter, the promoter and gene may 
be introduced into a vector, which may or may not be able to integrate into the 
streptomyces chromosome. A mechanism fen- insming the promoter and/or the gene 
5 into the chromosome may be by use of a DNA sequence which favors uitegration. An 
example of this DNA sequence is the mini-circle DNA which is desoribed below and in 
Lydiate £i al- 1986. Mol- Qsa- Qsosi. 202:79-88, which is hereby incorporated by 
reference in its entirety. 

The presently preferred flpA promoter differs from the wild type by one base. 

10 See Rgure 1 which compares the two sequences. The wild type promoter is the 

unintraiupted sequence, and the improved promoter is that sequence plus the guanine 
that is inserted between the bases at positions -62 and -63. There are also some other 
structures of interest The sequences that are labeled with "a" and "b" are direct 
repeats. The "a" sequence is found at the positions -95 to -81, -20 to -8, and 6 to 15. 

15 The "b" sequence is shown at positions -79 to -72 and -58 to -50. There are also two 
inverted repeats, which occur at positions -48 to -26 and -2 to -22. 

Even though the most preferred embodiment is shown in Figure 1 , other 
sequences may increase promoter strength and, therefore, transcription initiation. For 
example, other bases may be inserted in lieu of guanine, such as thymine, adenine, or 

20 cytosine. Also, the insertion may be made at points other than between -62 and -63. 
The insertion could occur somewhere between -60 and -65. or even between -50 and - 
75. Furthermore, increased initiation may occur if the sequence shown between -55 
and -75 on Figure 1 is shifted to a different position within the promoter. However, 
the shifted sequence should remain substantially homologous to the following 

25 sequence: GCGGOjGCTCACXJQGCGTGGCA (the underlining denotes the inserted 
guanine). 

The present invention will now be illustrated by reference to the following 
examples, which set forth the particularly advantageous embodiments. However, it 
should be noted that these embodiments are illustrative and are not to be construed as a 
3Q restricting the invention in any way. 

ExOTiptel 

Construction of an Integrated Promoter-Probe Plasmid 
The integrated protnoter-probe plasmid was constructed to include the following 
components: an E- coli replication origin (colEI replication origin fiom the pUCl 8); an 
35 B. selectable inatker (Tn3 ^lactamase); an indicator gene (catedtd dioxygenase, 
designated XylE); a Streptomyces selectable marker (hygromycin resistance gene); a 
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i integration sequence (mini-circle DNA); and a linker region containing 
specific restriction sites fHind in. KpnI. SmaL BamHI, and 20231). The general 
sequence for this plasmid's construction is shown in Figure 2 and is recited below. 

Thcplasmid pUC18 (conuucrcially obtained) was partially digested with £yull 
5 and then digested with EcoR I. Hie Eco RI restriction ends were repaired with DNA 
polymerases I fragment and fourdeoxyribonucleotide triphosphates. After the 
restriction ends wore filled in, the plasniid was reUgated and transformed into E. coli 
DGlOl. Plasnuds from ampicillin resistant transfoimants were isolated and analyzed. 
These plasmids were designated pEM3 (pUC18 without the lac promoter). Plasmid 
10 pEM3 was ligatcd with DNA sequences from the plasmids pD2349 (hygromydn 
resistance) and pU4210 (timii-circle DNA). Plasmids pl}4210 and pU2349 were 
obtained from John Inncs Instinite, NcH^ich NR71JH, United Kingdom. Further 
infrarmation can be found ui Chater si sl-, 1982, CuededI Topics la Microbiology aid 
Immunology 96 :69-95. for the pUlOl series of plasmids and Hopwood stal-. Genetic 
15 Manipulation si Streptomvces . a laboratory manual. The John Innes Foundation, 
NOTwich, United Kingdom. The hygromycin resistance gene was obtained by 
digesting pU2349 to obtain a 1.0 kb fragment The mini-circle DNA was obtained by 
digesting pD4210 to obtain a 2.10 kb fragment (see Lydiate £t^. referred to above). 
After digestion with EcoRI and Esfl, pEM3 was joined to the fragments fivm pIJ2349 
20 and pU4210 in a three fragment ligation to yield pHC-I. Plasmid pU4081 was 

obtained fiom Oie John Innes InstLtate and was digested as shown in Rgure 2. After 
digestion with restriction enzymes, a LS kb fragment containing the XylE and the 
linker region was obtained and ligated to the fragment generated from pHC-I, as also 
shown in Figure 2. The resulting plasmid was designated pHC-2. 

25 Example 2 

Cioning of the lipA Pironwicr 
The lipA promoter was constructed using two overlaying oligonucleotides, a 
77 and 78 base primer, as shown as follows: 

77-mer ccaagcttcc cgggctgagg gagccgacgg cacgcggcgg ctcacggcgt ggcacgcgga 

30 ACGTCCGGGC TTGCACC 

TS^ISl CCTCTAGACT TCCGCTCCCT TCTCTGACGC CGTCCACGCT GCCTCCTCAC CTCACGTG&G 
GTGCAAGCCC 66AC6TTC 

These two primers were annealed and extended by DNA polymerase I large fragment 
and deoxyribonucleoddes. After extension, the double-stranded DNA was digested 
35 with Hindm and 202^1. The digested DNA was cloned into the IIiiidin-2Q!aI site of 
pUClS. The recombinant plasmid was sequenced. It contained the improved promoter 
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having the guanine insertion between bases -62 and -63. The promoter was designated 
lillA-VG62. The wild type and mutant promoters were subcloned into the promoter- 
probe plasmid pHC-2. The plasraid having the wild type promoter was designated 
pHCl 1-11, and the plasmid having the improved promoter was designated pHCl 1-3. 



5 Exampte 3 

tipA Promoter Activity and Streptomvces lividans 
Both plasmids were then transformed into Streptomvces lividans . Cultures of 
Streptomyces lividans were grown and the specific activity of the XylE gene was 
analyzed in the presence and absence of thiostrepton (thiostrepton induces the uqA 
IQ promoter to transcribe flie XylE gene). The results of this experiment are shown in 
Table I. 



tipA Promoter Activity in Streptomvces lividans 

Cpnstryct Promoter Specific Activity of XvlE * 

15 rThipStrgptOa -fThipstrgptpn 

pHCll-11 flpA-wt <0.5 36.3 

pHCll-3 iiiiA-VG62 12.0 182.2 

* Specific activity is defined as mmoles of catechol semialdehyde formed pec minute 
pa mg of piotein. 

20 The results show that there was 5-fold more protein produced from the plasmid 

having the in^oved promoter. 

The plasmid pHCl 1-3 has been deposited in Cetus' in-bouse depository as 
CMCC 3798 and in the ATCC as 40737. 

-The'prcsent invoiticm has been described with reference to specific 
25 embodiments. However, this applicadon is intended to cover those changes and 
substimtions which may be made by those skilled in art without departing from the 
spiiit and the scope of the appended claims. 
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In the Claimfi 

1 . A DNA sequence comprising a StrgptPmygCS promoter, wherein a base is 
inserted into the base sequence between positions -50 and -75, to increase transcription 
inidation. 

5 2. A DNA sequence in accordance witfi Qaim 1, whoein a base is inserted 

into the base sequence between positions -60 and -65. to increase tianscription 
initiation. 

3 . A DNA sequence comprising a Strentomvc^Pg promoter, wherein a guanine 
is inserted into die base sequence between positions -62 and -63. 

10 4- A I^NA sequence in accordance widi Qaim 3, wherein tiie DNA sequence is 

regulated by thiostrepton. 

5. A DNA sequence diat hybridizes to die following DNA sequence: 
GCGGCGGCTCACGGGCGTGGCA and which increases tianscription initiation 
when placed upstream of a gene. 

15 ^- A ^NA sequence in accordance witii Qaim 5 comprising die base sequence 

shown in Figure 1, from positions -I to -100, including the guanine insertion between - 
62 and -63. 

7 . A DNA sequence in accordance with Claim 6 fimher comiHising operably 
linking a gene to tiic DNA sequence to control the expression of the gene. 

20 8. A DNA sequence in accordance with Claim 7, wherein the promoter and 

gene are contained in an expression vector. 

9. A DNA sequence in accordance widi Claim 7, wherean the promoter and 
gene are contained in the chromosome. 

10. A DNA sequence in acconlance witii Qaim 7, wheiein tiie gene is a 
25 hctendlogous gene. 
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11. A DNA sequence in accordance with Qaim 10, wherein the gene encodes 
for a protein selected from the groap consisting essentially of interleukins, interferons, 
colony stimulating factcffs, and tumor necrosis factor. 

12. A DNA sequence is accmdance with Qaim 7, wherein the gene is found in 

13. A DNA sequence in accordance with Claim 12, wherein the gene encodes 
for a protein selected from the group of antibiotics consisting essentially of 
aminoglycosides, macrolides, tetracyclines, polyethers, anasamycins, B-Iactams, and 
oligopeptides. 

10 1 4. A method for prcxiucing a protein comprising operably linking a gene 

encoding the protein to the DNA sequence of Claim 1 and expressing the protein. 

15. A method for jHoducing a jHotdn comprising operably linking a gene 
encoding the protein to the DNA sequence of Claim 3 and expressing die protein. 

16. A method for producing aprotdn comprising operably linking a gene 
15 encoding the protdn to the DNA sequence of Claim 6 and expressuig the protein. 
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DNA sequence of the tipA wild type and mutant promoters 

-100 -90 -80 -70 6-60 -50 

Hindi I I • • • • « . 

AAGCTT CCCG GGCTGA66GA6CCGAC G 6CAC6CG6C 6GCTCACG6CG T6GCAC6C6G 

a b b 

-40 -30 -20 -10 

« 

• • • • 



AACGTCCGG6CTTGCACCTCACGTCACGT6AGGAGGCAGCGTGGACG6CGTCAGAGA 



AGGGA6CGG AA GTCTAGA 
a Xbal 

FIG. I 
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